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SUMMARY 


A  summary  of  force  data  on  unswept  and  sweptback  airplane  control 
surfaces  is  presented.  Lift  and  hinge-moment  characteristics  were 
determined  for  four  unswept,  semispan  control  surfaces,  and  lift,  drag, 
hinge  moment,  and  pitching  moment  were  determined  for  two  semispan, 
sweptback  control  surfaces.  These  control  surfaces  were  tested  in  the 
9- foot  wind  tunnel  of  the  Daniel  Guggenheim  School  of  Aeronautics  at 
the  Georgia  Institute  of  Technology  and  were  of  the  wide-chord  type 
suitable  for  use  as  elevators  or  rudders. 

Measured  values  of  the  various  parameters  are  compared  with  those 
obtained  from  section  data  by  application  of  lifting- surface  and 
lifting-line  theory. 


INTRODUCTION 


The  data  presented  herein  are  the  results  of  two  wind-tunnel 
investigations  in  the  Georgia  Institute  of  Technology  9- foot  wind 
tunnel.  These  tests  were  conducted  under  the  sponsorship  and  with  the 
financial  assistance  of  the  National  Advisory  Committee  for  Aeronautics 
as  part  of  an  extensive  wind-tunnel  investigation  to  determine  the 
aerodynamic  characteristics  of  balanced  control  surfaces  in  order  to 
supply  data  for  design  purposes. 

Force-test  measurements  were  made  in  three-dimensional  flow  to 
determine  the  aerodynamic  characteristics  of  the  following  control- 
surface  arrangements: 
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(1)  A  series  of  tail  models  having  NACA  0009,  66-009,  0015,  and 
66(215)-Ol4  profiles,  a  sweep  angle  of  13.5°  at  the  25-percent-chord 
line,  a  tail  aspect  ratio  of  3.36,  and  a  taper  ratio  of  0.4  with 
various  unswept  trailing-edge  flap  configurations.  The  flap  configura¬ 
tions  tested  included  30-percent-chord  elliptic  and  sharp-nosed  aero- 
dynamically  balanced  flaps  and  internal-balance  flaps,  as  well  as  some 
30-percent-chord  plain  (radius-nose)  flaps.  The  balanced  flaps  had  a 
nose  balance  overhang  of  35  percent  of  the  local  flap  chord  and  a 
constant  flap  nose  gap.  Plain  tabs  and  two  sizes  of  unshielded  horn 
balances  were  tested  with  some  of  the  models. 

The  NACA  66-009  and  &6(215)-0l4  airfoil  models  were  also  constructed 
without  the  cusp  to  give  straight-contour  flaps. 

(2)  A  series  of  tail  models  having  NACA  0009  or  9- percent-thick 
circular-arc  profiles,  a  sweep  angle  of  40°  at  the  25-percent-chord 
line,  a  tail  aspect  ratio  of  3-30,  and  a  taper  ratio  of  0.4  with 
balanced  and  plain  flaps  which  were  swept  back  30.7°  at  the  hinge  line. 
The  model  flaps  were  30  percent  of  the  tail  chord  measured  parallel  to 
the  air  stream  and  had  a  35-percent- flap-chord  overhang.  The  flap  nose 
gap  was  held  constant  for  the  various  overhangs  tested.  Only  one  size 
of  shielded  horn  was  tested  in  conjunction  with  the  plain  flap. 

A  more  complete  description  of  the  models  is  given  in  the  section 
entitled  "Apparatus,  Models,  and  Tests." 


SYMBOLS 


aspect  ratio 


(b2/s) 


horn  balance  coefficient 


w 


Horn  area  -X  horn  mean  chord  1 
Flap  area  x  flap  mean  chord  I 


twice  span  of  semispan  model,  measured  perpendicular  to  plane 
of  symmetry,  feet 

twice  span  of  semispan  model  flap,  measured  perpendicular  to 
plane  of  symmetry,  feet 

airfoil  drag  coefficient  (2D/qS) 


AChl 


increment  of  hinge-moment  coefficient  contributed  by  internal 
balance 
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chf 

CL 

ACLf 

Cm 

c 


c 1 

Cb 

cbp 

cf 

cf 

cf  * 

chf 

CZ 

D 

Hf 

hf 

L 


flap  hinge-moment  coefficient  ^q^^b^j 
airfoil  lift  coefficient  (2L/qS) 

increment  of  lift  coefficient  due  to  deflection  of  flap 

airfoil  pitching-moment  coefficient  (2M/qS*C*) 
airfoil  chord,  measured  in  free-stream  plane,  feet 

mean  aerodynamic  chord,  feet 

chord  measured  perpendicular  to  hinge  axis,  feet 

chord  of  balance  overhang,  measured  in  free-stream  plane,  feet 

root-mean-square  chord  of  balance  plate,  feet 


chord  of  flap  at  any  section,  measured  in  free-stream  plane, 
feet 


root-mean-square  chord  of  flap,  measured  perpendicular  to 
hinge  axis,  feet 

flap  chord  measured  perpendicular  to  hinge  axis,  feet 


flap  section  hinge-moment  coefficient 


airfoil  section  lift  coefficient  (z/qc) 


measured  total  drag  force,  pounds 
flap  hinge  moment,  foot-pounds 


flap  section  hinge  moment,  foot-pounds 
measured  total  lift  force,  pounds 
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Z 

M 

ms 

PR 

q 

R 

S 

t 

t 

V 

a 

5 

A 

X 

P 

P 

0 


section  lift,  pounds 

measured  pitching  moment  about  quarter  chord  of  mean  aero¬ 
dynamic  chord,  foot-pounds 

ratio  of  moment  contributed  by  flexible  seal  to  moment 
contributed  by  balance  plate 

resultant  pressure  coefficient 

dynamic  pressure,  pounds  per  square  foot 

Reynolds  number  (pVc/p) 

twice  area  of  semispan  model,  square  feet 

thickness  of  control  surface  at  hinge 

root -mean-square  thickness  of  overhang,  measured  at  hinge  line 
velocity,  feet  per  second 
model  angle  of  attack,  degrees 

control- surface  or  tab  deflection,  measured  in  plane 
perpendicular  to  hinge  axis,  degrees 

sweepback  angle,  measured  at  quarter-chord  line,  degrees 

, .  / Tip  chord  \ 

taper  ratio  (  — - - 

\Root  chord/ 

coefficient  of  viscosity 

mass  density  of  air,  slugs  per  cubic  foot 

trailing-edge  angle,  measured  in  plane  perpendicular  to  hinge 
axis,  degrees 
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slope  of  pitching-moment  curve  at  constant  angle  of  attack 

slope  of  pitching-moment  curve  at  constant  flap  deflection 

f>5t 

Subscripts: 
b  balance 

e  effective 

f  flap 

t  tab 

u  uncorrected 
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The  subscripts  outside  the  parentheses  indicate  the  factors  held 
constant  in  determining  the  parameter. 

ACCURACY  OF  DATA 


The  accuracy  of  the  experimental  data  depends  upon  the  model 
contours,  deflection  of  flap  under  load,  and  accuracy  of  force -measuring 
apparatus.  The  small  hinge  moments  read  when  both  angle  of  attack  and 
flap  deflection  were  zero  indicate  that  inaccuracies  in  model  contour 
were  negligible.  As  the  flap  was  controlled  remotely,  it  could  be  set 
to  any  desired  angle,  and  any  deflection  under  load  could  be  compensated 
for  by  simply  resetting  the  flap  to  the  original  angle.  The  flap-angle- 
setting  apparatus  was  completely  separate  from  the  strain-gage  arm,  and 
no  deflections  of  the  gage  arm  or  torque  shaft  were  registered.  The 
accuracy  of  the  flap  angles  and  angles  of  attack  was  within  ±0,1°.  The 
hinge  "'■'nents  were  measured  by  means  of  strain  gages  used  in  conjunction 
with  s  commercial  Wheatstone  bridge  control  box.  Frequent  repeat  runs 
indicated  that  lift  and  hinge-moment  coefficients  could  be  duplicated 
within  i-0.002  and  ±0.0002,  respectively. 

The  jet-boundary  corrections  for  the  unswept  models  were  supplied 
by  the  Langley  Laboratory  and  are  as  follows: 


.  Ax  =  1.386Cl  -  0.208  ACLf 

ACl  =  -0.021Cl 

AC^  =  0.01010^  for  35-percent-c^  overhang 
AChf  =  0.0130CL  for  plain  flap 

As  few  data  could  be  obtained  for  the  wall  corrections  on  the  swept 
models,  the  corrections  applied  are  similar  to  those  for  the  unswept 
model.  They  are  as  follows: 

Ac  =  1.10CL  -  0.20  ACLf 

acl  =  ~o.oi8cl 

AChf  =  0.0090CL  for  35-percent-cf  overhang 
AChf  =  0.0110CL 


for  plain  flap 
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Wake  and  solid  blocking  corrections  (reference  l)  have  been  applied 
to  all  data. 


APPARATUS ,  MODELS,  AND  TESTS 


All  tests  were  conducted  in  the  9- foot  wind  tunnel  of  the  Georgia 
Institute  of  Technology.  This  tunnel  is  a  single-return  type  having  a 
closed,  circular  test  section  12  feet  long.  For  panel  testing  a  flat 
floor  is  installed  which  gives  a  jet  height  of  approximately  8  feet. 

Speed  changes  are  accomplished  "by  means  of  a  controllahle-pitch  propeller. 
The  tunnel  turbulence  factor  is  1.7. 

Each  model  was  mounted  on  a  50- inch- diameter  plywood  disk  as  shown 
in  figure  1.  This  disk  had  less  than  l/4-inch  clearance  between  it  and 
the  tunnel  floor.  Mode  1-plan- form  dimensions  are  shown  in  figures  2 
and  3.  Following  conventional  practice,  laminated  mahogany  was  used  to 
construct  the  models.  The  unswept  flap  models  (actually  the  tail  is 
swept  13. 5°  at  c/4)  were  equipped  with  30-percent-chord  flaps  and  a 
20-percent- flap-chord  plain  tab  of  50-percent-flap  span.  The  flap  nose 
gap  was  constant  at  0.005c  except  on  the  sealed  flap  where  the  gap  was 
zero.  The  tab  used  on  the  sealed  flap  had  a  gap  of  0.001c.  In  order 
to  obtain  complete  sealing  for  the  internal  balance,  external  hinges 
were  employed.  The  effect  of  these  external  hinges  was  determined  by 
means  of  dummies,  and  all  data  have  been  corrected  for  this  effect. 

The  nose  overhangs  tested  are  shown  in  figure  4. 

The  swept  models  were  obtained  by  sweeping  the  quarter-chord  axis 
40  but  maintaining  the  true  airfoil  parallel  to  the  free  stream. 
Development  of  the  airfoil  in  a  plane  perpendicular  to  the  hinge  axis 
showed  it  to  have  a  thickness  ratio  of  10.3  percent.  Because  of  the 
fact  that  the  swept  models  were  designed  to  have  the  same  flap  and 
balance  chord  ratios  in  the  free -stream  plane  as  the  unswept  models 
(i.e.,  Cf  =  0.30c,  c-fo  =  0.35Cf),  the  values  of  Cf  and  c^  in  the 
plane  normal  to  the  hinge  axis  (i.e.,  the  chord  upon  which  the  hinge 
moment  is  based)  were  not  the  same  as  those  for  the  unswept  models. 

The  values  of  c^*  and  c-^  are  shown  In  figure  3  to  be  0.35cf 

and  0,319cfS  respectively.  The  prime  indicates  the  airfoil  chord 

measured  normal  to  the  flap  hinge  axis.  With  the  exception  of  the  sealed 
flap,  the  nose  gap  was  0.005c  in  the  free-stream  plane.  The  20-percent- 
flap-chord  tab  was  sealed  by  means  of  Scotch  tape.  The  nose  overhangs 
tested  are  shown  in  figure  5* 

The  unswept  models  had  a  taper  ratio  of  0.4  and  an  aspect  ratio 
(including  reflection)  of  3*36.  The  swept  models  had  a  taper  ratio 
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of  0.4  and  an  aspect  ratio  of  3-30.  The  airfoil  sections  tested  were 
as  follows: 


Unswept  models 


NACA  0009 


NACA 

NACA 

NACA 


0015 

66-009 

66(215)-Ol4 


>»with  true-contour  and  straight- 
contour  flaps 


Swept  models 


NACA  0009 


9-percent-thick  circular  arc 


>in  plane  parallel  to 
l  plane  of  symmetry 


The  airfoil  ordinates  are  given  in  table  I,  and  the  elliptic-overhang 
and  horn  dimensions  are  given  in  tables  II  and  III,  respectively. 


The  angle  of  attack  and  flap  angle  were  both  set  by  a  remote- 
control  arrangement  which  enabled  the  tunnel  operator  to  detect  any 
change  in  deflection  of  the  flap  under  load  and  to  correct  for  this. 

The  model  flaps  generally  were  set  at  deflections  from  -6  to  21°  in 
3°  increments ,  while  the  angle  of  attack  was  varied  from  zero  to  plus 
stall  in  2°  increments,  except  in  some  cases  where  the  angle  of  attack  was 
varied  from  minus  stall  to  plus  stall  at  zero  flap  deflection.  On  the 
unswept  models  the  plain  tab  was  tested  in  conjunction  with  the  sealed 
flap  (except  on  the  NACA  0009  and  66(215)-Ol4  models  which  were  tested 
with  the  tab  on  the  plain  flap  also)  with  the  ratio  of  tab  to  flap 
deflection  being  -0.50.  On  the  swept  models  the  tab  was  tested  with 
the  sealed  flap  only  with  ratios  of  tab  to  flap  deflection  of  1.0,  0.50, 
-0.50,  and  -1.0. 

Lift  and  hinge  moments  were  measured  on  the  unswept  models,  whereas 
lift,  drag,  pitching  moment  (about  c/4),  and  hinge  moment  were  obtained 
for  the  swept  models. 

Tests  on  the  models  were  made  at  a  dynamic  pressure  of  approximately 
20.72  pounds  per  square  foot  which  corresponds  to  an  air  velocity  of 
about  90  miles  per  hour  at  standard  sea-level  conditions.  Effective 
Reynolds  numbers  were  4,075,000  and  3,620,000  for  the  unswept  and  swept 
models,  respectively. 
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DISCUSSION  OF  TEST  RESULTS 
Lift 


A  summary  of  the  lift  parameters  CL  and  otg  for  the  various 

airfoils  and  flap  configurations,  as  determined  from  the  lift  curves 
found  in  figures  6  to  38,  40  to  43,  and  45  is  given  in  table  IV.  These 
values  vere  taken  from  unpublished  data  reports.  In  all  cases  the  slope 
of  the  lift  curve  was  greatest  for  the  internal  balance  (sealed-gap 
condition).  The  NACA  66-009  airfoil  model  had  slightly  higher  values 
of  Cp^  than  did  the  NACA  0009.  These  results  are  in  qualitative 

agreement  with  reference  2,  which  reports  the  same  trends.  With  a 
straight-contour  flap  (cusp  removed)  the  lift-curve  slopes  of  the 
66-009  profile  decreased  slightly.  The  amount  and  shape  of  the  balance 
overhang  had  little  effect  on  C^.  This  effect  has  been  previously 

reported  in  reference  3.  The  slopes  of  the  9-percent-thick  biconvex 
profile  were  considerably  lower  than  those  of  the  sweptback  NACA  0009 
model,  and  the  lift  curves  were  nonlinear.  A  comparison  of  the 
NACA  0009  unswept  model  with  the  NACA  0009  swept  back  40°  showed  that 
the  lift-curve  slope  decreased  slightly  with  sweepback  but  not  so  much 
as  theory  predicts.  The  effect  of  sweeping  the  models  by  the  method 
explained  previously  is  to  increase  the  thickness  ratio  slightly  in  a 
plane  normal  to  the  sweep  reference  line  which  would  in  itself  tend  to 
decrease  CL  somewhat.  References  4  and  5  show  that  Cp  should 

decrease  with  sweep  which  agrees  qualitatively  with  the  results  herein. 

It  is  believed  that  an  unswept  NACA  0010. 3  airfoil  model  would  have 
lift  characteristics  similar  to  those  of  an  unswept  0009  model;  there¬ 
fore,  the  swept  NACA  0009  (or  actually  a  "swept"  0010. 3)  profile  should 
have  a  smaller  slope  than  the  unswept  configuration.  The  actual 
measured  slopes  for  the  swept  and  unswept  models  were  very  nearly  the 
same;  thus  the  swept  model  has  lift  characteristics  almost  identical 
with  those  of  the  unswept  model.  Therefore,  an  effort  was  made  to 
determine  whether  or  not  Reynolds  number  had  any  effect  on  the  character¬ 
istics  of  a  sweptback  panel.  These  data,  presented  in  figure  46,  are 
unpublished  results  on  a  35°  sweptback  9-percent-thick  6-series  airfoil 
having  virtually  the  same  geometric  characteristics  as  those  of  the 
models  described  herein.  It  appears  that  there  is  little  Reynolds  number 
effect  over  the  range  of  test  velocities.  Other  unpublished  data  from 
tests  conducted  at  the  Georgia  Institute  of  Technology  on  a  swept  and 
an  unswept  panel  have  indicated  that  at  R  ~  3,500,000  the  swept  panel 
had  virtually  the  same  lift  characteristics  as  those  of  the  unswept 
panel.  Since  these  models  of  NACA  0009-64  modified  airfoil  section 
had  a  taper  ratio  of  0.53,  an  aspect  ratio  of  4.6,  and  were  of  approxi¬ 
mately  the  same  size  as  the  models  described  in  this  report,  it  appears 
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that,  within  the  Reynolds  number  range  of  the  tests ,  the  simplified 
theoretical  sweepback  corrections  would  overestimate  the  effects  of 
sweep  on  the  airfoils  described  in  this  report. 

The  NACA  66(215)-Ol4  airfoil  model  with  a  true-contour  flap  had  a 

lift-curve  slope  approximately  the  same  as  that  of  the  NACA  0015  model, 

but  when  the  cusp  was  removed  on  the  66(215)-0l4  section  the  lift-curve 

slope  was  reduced  to  values  below  that  of  the  0015  section.  This 

reduction  in  Cr  due  to  increasing  the  trailing-edge  angle  (using  a 
cc 

straight- contour  flap)  on  the  66(215)-Ol4  airfoil  model  has  been  pre¬ 
viously  reported  in  reference  6.  On  the  6-series  airfoil  models  both 

the  elliptic  and  sharp-nosed  overhangs  gave  minimum  values  of  CT  . 

a 

As  the  slopes  of  the  curves  of  the  6-series  profiles  agreed  favorably 

with  those  of  the  NACA  0009  and  0015  profiles  when  straight-contour 

flaps  were  used,  it  would  appear  that  trailing-edge  angle  has  more 

effect  than  airfoil  profile.  As  with  the  9-percent-thick  airfoils, 

the  amount  and  shape  of  balance  overhang  had  little  effect  on  CT  . 

a 

The  minimum  value  of  lift- curve  slope  on  the  NACA  0009  and  0015 
profiles  was  obtained  with  the  elliptic  overhang,  which  agrees  with  the 
data  presented  in  references  3  and  7. 

The  maximum  value  of  the  flap  lift  effectiveness  for  both  the 

swept  and  unswept  NACA  0009  profiles  was  generally  obtained  with  the 
internal  balance,  with  the  plain  nose  yielding  the  next  largest  values. 
The  elliptic  and  sharp-nosed  overhangs  generally  gave  values  of  a§ 

slightly  less  than  those  for  the  plain  nose.  As  indicated  by  theory, 
sweeping  the  NACA  0009  airfoil  reduced  the  value  of  the  lift  effective¬ 
ness  parameter.  The  biconvex  profile  (with  40°  sweepback)  gave  con¬ 
siderably  lower  values  of  <x§  than  those  for  the  0009  profile,  although 

the  data  are  in  good  qualitative  agreement.  The  data  of  reference  8 
indicate  this  decrease  in  effectiveness  due  to  sweepback. 

Figures  6  to  10,  36  to  38,  40  to  43,  and  45  indicate  that  for  the 
tail  surfaces  with  NACA  0009  (unswept),  0009  (swept  back  40°),  and 
biconvex  (swept  back  40°)  sections  the  controls  retained  lift  effective¬ 
ness  throughout  the  angle -of-attack  range  tested  for  all  deflections 
with  but  one  exception,  which  was  the  sharp-nosed  overhang  on  the  unswept 
0009  airfoil  model.  The  figures  also  show  that  the  lift  effectiveness 
was  reduced  somewhat  at  the  large  flap  deflections  and  at  moderate  and 
high  positive  angles  of  attack.  This  result  is  probably  due  to 
separation  phenomena. 
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With  reference  to  the  unswept  models,  the  NACA  66-009  airfoil 
model  yielded  the  largest  values  of  lift  effectiveness;  however, 
increasing  the  trailing-edge  angle  on  this  airfoil  reduced  a§.  This 

effect  is  also  reported  in  references  6  and  9*  In  the  case  of  the 
NACA  66 (215) -01^  profile  the  true-contour  flap  with  no  aerodynamic 
balance  (plain  flap)  gave  values  of  ag  larger  than  those  for  the 

NACA  0015  profile.  This  is  not  true  for  the  other  nose  shapes  as 
shown  in  table  IV.  With  a  straight- contour  flap  the  absolute  value  of 
the  lift  effectiveness  was  reduced  for  all  balance  shapes.  Figures  11 
to  35  show  that  for  the  tail  surfaces  with  NACA  0015  and  both  NACA 
6-series  airfoil  sections  the  controls  retained  lift  effectiveness  for 
all  flap  deflections,  although  the  flap  was  not  so  effective  at  the 
higher  deflections. 


Compared  on  a  thickness  basis,  the  lift  effectiveness  for  the 
NACA  0009  and  66-009  profiles  is  slightly  larger  than  that  for  the 
NACA  0015  and  66(215 )-0l4  profiles.  It  is  also  indicated  that  airfoil 
shape  has  considerable  effect  as  evidenced  by  the  difference  in  values 
of  for  the  NACA  66-009  (with  a  true-contour  flap)  and  the  NACA 

0009  models,  although  the  effect  of  trailing-edge  angle  cannot  be 
eliminated  as  the  pressure  distribution  over  the  flap  changes  with 
increase  in  trailing-edge  angle.  The  values  of  lift  due  to  flap 


deflection  Ci 


do  not  show  so  much  variation  since  C- 


is  propor¬ 


tional  to  both 


% 


and  U 


a 


Hinge  Moment 


The  curves  of  hinge-moment  coefficient  plotted  against  angle  of 
attack  for  all  models  are  shown  in  figures  6  to  38,  40  to  43,  and  45. ' 
A  summary  of  the  hinge-moment  parameters  C^  and  C^  as  determined 


from  these  figures  is  given  in  table  IV.  Unfortunately  only  two 
references  (references  3  and  9)  contained  data  on  finite-span  control 
surfaces  with  which  the  data  in  table  IV  could  be  compared.  Results 
for  a  rectangular  semispan  NACA  0009  control  surface  of  A  =  3  are 
reported  in  reference  3.  The  values  presented  herein  are  considerably 
lower  than  those  of  reference  3;  however,  differences  in  plan  form  and 
aspect  ratio  may  account  in  part  for  the  discrepancy.  Better  agreement 
is  obtained  with  the  data  of  reference  9>  which  presents  results  for  a 
tapered-plan-form  model.  Only  fair  quantitative  agreement  exists, 
however,  possibly  because  the  Reynolds  number  of  reference  9  was  about 
half  that  of  the  present  tests. 


On  comparing  the  swept  and  unswept  NACA  0009  surfaces,  it  is 
apparent  that  the  hinge-moment  parameters  C^  and  C^  are 
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considerably  more  negative  for  the  former.  Although  the  simplified 
sweep  theory  predicts  a  reduction  in  the  absolute  values  of  Ch 

a 

and  C-u  ,  the  discrepancy  is  attributed  to  the  fact  that  the  swept 

model  had  a  35-percent- flap  chord  (see  fig.  3)  and  a  31. 9-Percent-c;f 

nose  overhang  measured  in  a  plane  perpendicular  to  the  hinge  axis. 

These  values  are  comparable  to  c^  ~  0.30c  and  c-^  =  0.35Cf  on  the 

unswept  model.  Apparently  this  effect  is  enough  to  overcome  any 
reductions  in  and  due  to  sweep  and  the  increased  trailing- 

edge  angle;  consequently,  the  hinge-moment  parameters  are  considerably 

more  negative  for  the  sweptback  0009  surface.  In  the  case  of  the  swept 

biconvex  airfoil  all  values  of  and  half  of  the  values  of 

CL  5 

were  positive  (see  table  IV).  Here  it  is  believed  that  the  large 

trailing-edge  angle  (23.5°)  measured  perpendicular  to  the  hinge  line  is 

responsible  for  the  large  balancing  effect.  A  graphical  presentation 

of  the  measured  parameters  for  the  two  swept  models  and  the  0009  unswept 

model  is  given  in  figure  47.  This  figure  reveals  the  good  qualitative 

agreement  obtained  for  the  various  balance  configurations . 

With  reference  to  the  unswept  models  it  can  be  pointed  out  that 

the  hinge-moment  parameter  is  considerably  more  negative  for  the 

a 

9- percent-thick  models  than  for  the  15-percent-thick  surfaces,  except 

in  the  case  of  the  NACA  66(215)-0l4  profile  with  a  true-contour  flap 

which  gave  values  of  C-u  more  negative  than  those  for  the  NACA  0009 

a 

model  or  for  the  NACA  66-0 09  straight- contour  model.  The  results  in 
table  IV  also  show  that  the  66-009  airfoil  model  with  a  true-contour 
flap  yielded  values  of  C^  which  were  more  negative  than  those  for 

(X 

the  NACA  0009  profile.  With  a  straight- contour  flap  (0  increased 

from  7°  to  13°)  the  66-009  profile  had  values  of  very  nearly  the  same 

magnitude  as  those  for  the  0009  profile.  Previous  results  for  the 

0009  section  (reference  9)  have  shown  that  increasing  the  trailing-edge 

angle  provides  a  balancing  effect  which  reduces  Ch  .  Reference  6 

cc 

reports  the  same  effect  on  the  NACA  66(215)-0l4  profile. 

A  comparison  of  the  NACA  0015  and  66(215)-Ol4  (with  a  true-contour 

flap)  profiles  reveals  that  the  former  has  more  positive  values  of  Cu  . 

a 

Use  of  a  straight-contour  flap  on  the  66(215)-Ol4  airfoil  model  reduced 
the  absolute  value  of  C^,  again  indicating  the  balancing  effect  of 

increased  trailing-edge  angle.  These  results  indicate  that  airfoil 
profile  apparently  has  small  effect  compared  with  the  effect  of  trailing- 
edge  angle. 
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The  elliptic  and  sharp-nosed  overhangs  produced  an  unbalance  on  the 
6-series  airfoils  with  true-contour  flaps ,  although  both  of  these  over¬ 
hangs  gave  positive  increments  of  Ch  on  the  MCA  0009  and  0015 

a 


profiles.  The  internal  balance  was,  in  general,  the  most  effective  on 
the  6-series  profiles.  A  comparison  of  measured  increments  of  Cv  f< 


all  models  (with  internal  balance)  with  an  empirically  derived  curve 
(reference  10)  is  presented  in  figures  48  and  49.  The  data  do  not 


correlate  so  well  as  might  be  expected  from  the  data  in  reference  10. 


The  values  of  Ch  for  the  MCA  66-009  and  66(215)-Ol4  profiles 
6 

with  true-contour  flaps  were  more  negative  than  those  for  the  MCA  0009 
and  0015  airfoil  models.  With  a  straight- contour  flap  on  the  66(215)-Ol4 
profile,  the  values  of  Ch  were  less  negative  than  those  for  the  0009 


and  0015  airfoil  models  employing  straight  flaps;  however,  the  66-009 
profile  with  a  straight-sided  flap  yielded  values  of  Ch&  more  negative 

than  those  for  the  0009  and  0015  profiles.  On  the  MCA  0009  and  0015 
airfoil  models  the  elliptic  overhang  proved  most  effective,  whereas  the 
internal  balance  gave  best  results  on  the  two  6-series  profiles.  The 
use  of  a  balancing  (lagging)  tab  in  conjunction  with  the  internal 
balance  was  the  most  effective  balance  configuration.  Insofar  as  C>, 

5 

is  concerned,  the  magnitude  of  the  trailing-edge  angle  would  appear  to 
have  more  effect  than  airfoil  section,  as  the  values  for  the  6-series 
profiles  compare  favorably  with  those  for  the  NACA  0009  and  0015 
profiles  when  the  trailing-edge  angles  are  approximately  the  same. 


If  the  surface  is  to  be  closely  balanced  -  that  is, 


approaches 


zero  -  then  Cj^  should  be  held  as  close  to  zero  as  possible,  although 


any  device  that  reduces  C^  and  Ch&  the  same  amount  should  not  be 

used  because  the  unbalanced  values  of  C^  are  usually  less  negative 
than  the  unbalanced  values  of  Chg.  If  is  sufficiently  large, 

positively,  and  C^  is  small,  negatively,  a  steady  oscillation  could 

be  set  up.  An  internal  balance  used  with  a  balancing  tab  would 
apparently  be  a  satisfactory  combination  since  C^  is  reduced  much 

more  than  C-^.  Small  trailing-edge  angles  (such  as  those  obtained  on 

the  6-series  models)  should  be  avoided,  as  the  relatively  large  values 
of  C^  would  tend  to  "heavy"  the  controls  even  though  Ch&  could  be 

reduced  by  a  balancing  device. 
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The  swept  0009  model  had  values  of 


more  negative  than  those 


for  the  unswept  model,  with  the  elliptic  overhang  being  more  effective 

than  the  internal  balance.  This  increase  in  Cv  for  the  swept  model 

o 

is  most  likely  attributable  to  the  increased  flap  chord  (cf  =  0. 35c ' )  in 


a  plane  perpendicular  to  the  flap  hinge  axis.  The  swept  circular-arc 

section  had  values  of  Cy,  which  were  considerably  more  positive  than 

nS 

those  of  either  the  swept  or  unswept  0009  profiles.  This  result  was 
probably  due  to  the  large  trailing-edge  angle. 


In  summarizing,  the  results  presented  herein  indicate  that  the 
elliptic  nose  overhang  is  as  effective  as  the  internal  balance  on  the 
0009  and  0015  profiles,  whereas  the  internal  balance  proved  most 
effective  on  the  6-series  profiles.  The  sharp-nosed  overhang  seems 
undesirable,  as  it  was  less  effective  than  the  elliptic  overhang,  and 
reference  11  indicates  that  the  sharp  nose  would  cause  larger  increments 
of  drag.  Comparisons  of  measured  increments  of  for  the  internal 

balance  with  empirically  derived  values  are  presented  in  figures  1+8 
and  1+9.  The  measured  values  fall  below  the  correlation  curve  (refer¬ 
ence  10),  indicating  that  the  internal  balance  was  approximately  one- 
third  as  effective  as  it  should  be;  although  a  slight  out-of-contour 
cover-plate  effect  may  have  occurred,  this  in  itself  does  not  appear 
to  be  responsible.  Reference  12  presents  results  which  show  that  out- 
of-contour  cover  plates  or  change  in  vent  width  can  seriously  affect 
the  hinge-moment  parameters;  however,  the  data  in  figures  1+8  and  1+9 
seem  to  be  consistently  grouped  which  would  apparently  eliminate  the 
out-of-contour  plate  effect.  The  only  other  cause  for  a  decrease  in 
effectiveness  would  be  seal  leakage,  but  the  model  construction  prevented 
any  serious  leakage  from  occurring.  As  there  were  no  breaks  in  the  seals 
for  hinges,  leakage  alone  does  not  appear  to  be  the  cause. 

From  the  balance-chamber  pressure  coefficients  given  in  the  original 
wind-tunnel  data  for  the  swept  models,  the  increment  of  hinge-moment 
coefficient  contributed  by  the  balance  has  been  calculated  for  the 
internally  balanced  flap  on  the  swept  0009  airfoil  model  and  compared 
with  measured  values.  This  comparison  is  given  in  figures  48  and  49. 

In  order  to  calculate  ACh  ,  the  methods  and  data  of  reference  13  are 

b 

employed  using  the  relation: 
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resultant  pressure  coefficient 

root-mean-square  chord  of  balance  plate 

ratio  of  moment  contributed  by  flexible  seal  to  moment 
contributed  by  balance  plate 

root -mean- square  thickness  of  overhang  measured  at  hinge  line 

The  results  obtained  by  this  equation  show  good  quantitative 
agreement  with  measured  values  as  indicated  in  figures  48  and  4-9.  Since 
the  values  calculated  from  the  pressure  coefficients  agree  with  the 
measured  values,  it  does  not  seem  likely  that  the  experimental  data 
would  be  in  error.  This  still  leaves-  considerable  doubt  as  to  why  the 
internal  balance  was  not  so  effective  as  other  test  data  (reference  10) 
indicate.  The  only  logical  conclusion  is  that  the  decreased  effective¬ 
ness  is  probably  due  to  a  combination  of  a  small  amount  of  leakage  and 
cover-plate  misalinement,  or  perhaps  to  the  seal  configuration  itself. 

The  effect  of  fixed  transition  was  determined  on  the  NACA  0009 
sweptback  model  with  plain  flap  by  means  of  a  0. 050- inch- diameter  wire 
placed  along  the  surface  at  3  percent  chord.  The  effect  of  fixed 
transition,  as  also  reported  in  reference  14,  was  to  reduce  the  value 
of  the  parameters  and  by  shifting  the  hinge-moment- 

CL  5 

coefficient  curves  slightly.  The  effect  was  small,  however,  as  it 
caused  to  be  reduced  by  0.0005  and  C^,  by  0.001. 


where 

Pr 

^bp 

ms 

t 


Effect  of  Horn  Balance 

The  horn  balances  tested  are  shown  in  figures  2  and  3.  The 

unshielded  horn  balance  tested  on  the  unswept  models  may  be  classified, 

according  to  reference  15,  as  type  A  horns,  which  are  those  formed  by 

converting  a  spanwise  portion  of  the  fixed  surface  ahead  of  the  hinge 

line  into  movable  surface.  On  the  sweptback  models  a  shielded  horn 

(see  fig.  3)  was  tested,  Horn  dimensions  and  balance  coefficients  are 

given  in  table  III.  The  positive  increments  of  hinge-moment  slopes  for 

two  sizes  of  unshielded  horns  (designated  1  and  2)  have  been  compared 

(table  V)  with  the  correlated  data  of  reference  15.  These  increments 

of  and  are  smaller  than  those  predicted  by  means  of  the 

a  5 

correlation  curve  of  reference  15,  This  result  may  have  been  due  in 
part  to  the  rather  small  horn  aspect  ratios  used. 
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One  size  of  shielded  horn  balance  was  tested  on  the  NACA  0009  and 
biconvex  sweptback  models.  As  may  be  seen  from  the  results  in  table  V, 
the  shielded  horn  was  less  effective  than  the  unshielded  horns.  This 
would  be  expected  because  the  horn  balance  coefficient  was  much  smaller. 
It  would  appear  that  a  shielded  horn  alone  could  not  be  used  to  obtain 
a  closely  balanced  surface. 

Apparently  the  use  of  a  horn  balance  would  tend  to  increase  the 
stick-free  stability  but  at  the  same  time  would,  during  maneuvers,  tend 
to  heavy  the  control  forces  due  to  the  positive  value  of  without 

a  comparable  change  in  Chg.  A  properly  designed  horn  balance  would 

keep  near  zero  but  the  negative  values  of  would  most  likely 

have  to  be  reduced  by  the  use  of  a  balancing  tab  or  other  means. 
Experimental  results  indicating  this  effect  have  been  previously  given 
in  reference  l6. 


Effect  of  Tab 


All  unswept  surfaces  were  tested  with  a  0.20cf  lagging  (balancing) 
tab  used  in  conjunction  with  the  internal  balance,  except  for  the 
MCA  0009  and  66(215)-Ol4  (with  a  true-contour  flap)  profiles  on  which 
the  plain  flap  was  also  tested  with  the  tab.  The  plain  tab  was  unsealed, 
and  the  ratio  of  tab  to  flap  deflection  &t/^f  was  -0.50.  The  use  of 


the  lagging  tab  reduced  the  flap  lift  effectiveness  but  also  reduced 
Cft  on  the  MCA  0009  profile  to  about  50  percent  of  the  unbalanced 


value  for  the  plain  flap.  On  the  MCA  0015  profile,  Ch  was  zero 

OO 

and  Ch^  had  only  a  small  negative  value,  indicating  close  balance. 


On  the  6-series  airfoils  with  straight-contour  flaps,  the  tab  was  not 
so  effective  as  on  the  true-contour  models.  On  the  66(215)-0l4  profile 
with  a  true-contour  flap  (plain)  the  tab  reduced  to  about  75  per¬ 


cent  of  the  unbalanced  value.  The  following  increments  of  C^  were 


obtained  with  the  lagging  tab: 


Increment 


NACA  0009 

Plain  flap .  0.0032 

Internal  balance . 0023 

NACA  66-009  with  internal  balance 

True-contour  flap . 0030 

Straight-contour  flap . 0024 

NACA  0015  with  internal  balance  . . 0031 

NACA  66(215)-Ol4  with  internal  balance 

True-contour  flap . «  .0029 

Straight-contour  flap . 0008 
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The  two  swept  models  were  tested  with  a  sealed  tab  (Scotch  tape 
seal)  using  ratios  of  tab  to  flap  deflection  of  1.0,  0.50,  -0.50, 
and  -1.0.  The  tab  was  used  in  conjunction  with  the  internal  balance 
only.  The  results  (table  IV)  show  that  the  tab  was  less  effective  on 
the  circular-arc  profile  than  on  the  swept  MCA  0009  profile,  as  well 
as  on  some  of  the  unswept  airfoils.  The  tab  also  proved  to  be  more 
effective  on  the  swept  0009  model  than  on  the  unswept,  although  this 
result  was  probably  due  to  sealing  of  the  tab  and  to  the  fact  that  in 
a  plane  perpendicular  to  the  flap  hinge  axis  the  tab  chord  was  0.2l4cf. 
The  effect  of  tab  deflection  on  hinge-moment  coefficients  is  shown  in 

figures  39  and  44.  The  tab  produced  larger  increments  in  Cv,  when 

n5 


deflected  in  same  direction  as  the  flap  (unbalancing  or  leading).  The 

following  increments  of  C-u  were  measured: 

5 


Airfoil 

ACh 

nS 

NACA  0009 

1.0 

-0.0072 

.5 

-.0032 

-.5 

.0032 

-1.0 

.  006l 

9-percent-thick 

1.0 

-.0062 

circular  arc 

.5 

-.0030 

-.5 

.0017 

-1.0 

.oo4i 

Drag 

Drag  data  were  obtained  for  the  sweptback  models  only.  The  plots 
of  drag  coefficient  against  angle  of  attack  are  given  in  figures  3 6 
to  38,  40  to  43,  and  45.  It  is  doubtful  whether  the  drag  coefficients 
can  be  considered  absolute,  but  the  incremental  values  should  be 
relatively  independent  of  tunnel-wall  effect  and  end-plate  tare  and 
interference. 

The  incremental  values  of  drag  coefficient  for  different  aerodynamic 
balance  configurations  are  plotted  in  figure  50.  The  differences  in  ACp 
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for  the  plain  flap,  elliptic  overhang,  and  internal  balance  are  small 
and  in  several  instances  are  prohahly  of  the  same  order  of  magnitude 
as  the  experimental  error.  At  a  =  0°  the  plain  flap  on  the  MCA 
0009  model  produced  the  smallest  increments  of  drag,  followed  by  the 
internal  balance  and  the  elliptic  overhang.  The  data  for  the  biconvex 
airfoil  are  somewhat  scattered  and,  as  before,  the  differences  in  AC-p 

for  the  various-  configurations  are  small  compared  with  the  total  value 
of  ACp.  At  a  =  0°  the  elliptic  nose  produced  the  smallest  increments, 

while  at  a  =  6°  the  plain  flap  caused  the  least  drag. 


Pitching  Moment 


The  values  of  the  parameters 


presented  in  table  IV.  These  parameters  were  determined  from  the  plots 
of  pitching-moment  coefficient  Cm  found  in  figures  36  to  38,  40  to  %3, 

and  45.  These  values  were  obtained  for  the  swepthack  airfoils  only. 

When  the  lift  was  varied  by  changing  the  angle  of  attack  with  the  flap 
at  Sf  =  ©°,  the  aerodynamic  center  was  approximately  at  28  percent 

chord  for  all  flap  configurations  on  the  MCA  0009  airfoil  model  and 
at  25  percent,  chord  on  the  biconvex  profile.  Actually,  with  plain  flap 
and  horn  balance,  the  aerodynamic  center  moved  back  to  the  2 ^percent- 
chord  line  on  the  MCA  0009  profile. 


The  following  table  gives  the  position  of  the  aerodynamic  center 
of  lift  due  to  flap  deflection: 


Aerodynamic  Center  of  Lift  due  to  Flap  Deflection 


In  fractions  of  the  chord 


Flap)  configuration 

MCA  GOO  9 

Circular  arc 

Plain 

0.5  6 

0.56 

Plain  with  horn 

.53 

.53 

Plain  with  fixed  transition 

-55 

— 

Elliptic  overhang 

•  57 

.57 

Internal  balance 

.46 

.58 
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PREDICTION  OF  FINITE-SPAN  PARAMETERS  FROM  SECTION  DATA 


Finite-span  parameters  may  be  obtained  by  application  of  lifting- 
line  or  lifting-surf  ace  theories  to  section  data.  Both  methods  were 
employed  and  compared  with  measured  parameter  -values  in  order  to 
determine  which  method  gives  better  agreement  with  experimental  data. 
These  comparisons  .are  presented  in  table  IV.  Lifting- line-theory 
results  as  set  forth  in  reference  Yi[  .and  lifting-surface-theory  correc¬ 
tions  as  given  in  reference  IS  have  been  applied  to  section  data  obtained 
from  reference  10.  Because  of' the  lack  of  section  data  it  was  impossible 
to  calculate  the  finite- span-parameter  values  for  all  models  and  con¬ 
figurations  ,  particularly  in  the  case  of  the  6- series  airfoils  for  which 
few  section  data  could  he  found. 

The  result  of  comparing  the  two  theories  indicates  that  the 
lifting-surface  theory  generally  gives  better  agreement  with  test  data; 
however,  "both  methods  will  sometimes  give  errors  that  .are  not  generally 
tolerable  for  use  in  the  design  of  .a  closely  balanced  surface.  It  is 
noted  that  discrepancies  appear  in  both  cases,  mostly  in  (C-u  ;  however, 

slight  variations  in  trailing-edge  .angle,  turbulence,  separation,  and 
aspect  ratio  all  have  considerable  effect  on  the  various  parameters . 
Nonagreement  may  therefore  he  due  to  these  variable?. 

The  effects  of  sweepback  are  accounted  for  by  applying  sweep 
corrections  to  either  lifting-line  or  lifting-surface  results.  Theory 
provides  a  means  of  estimating  the  effects  of  sweep  (reference  19)  on 
the  lift- curve  slope  by  use  of  tbe  following  relation: 


Although  the  above  relationship  gives  good  agreement  with  test  data  for 
infinite  and  high  aspect  ratios,  it  overestimates  the  effect  of  sweep 
on  low-aspect-ratio  tail  surfaces.  Some  unpublished  .data  from  tests 

^R  ~  4  X  10  y  conducted  at  the  Georgia  Institute  of  'Technology  on  a 
swept  and  an  unswept  panel  have  shown  that  the  swept  configuration  had 
a  lift-curve  slope  only  slightly  smaller  than  that  of  the  unswept 
configuration.  The  maximum  lift  coefficient  was  slightly  higher  for 
the  swept  configuration,.  As  the  data  of  reference  4  show  excellent 
agreement  with  the  cosine  law,  even  for  low  aspect  ratio  at  low  Reynolds 
number  (163,000  to  326,000),  It  would  appear  that  there  is  some  Reynolds 
number  effect  which  may  affect  results  obtained  by  using  the  .-theoretical 
sweep  corrections.  The  method  of  DeYoung  (reference  20)  will  give  CT 
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directly  for  various  values  of  aspect  ratio,  taper  ratio,  and  sweep, 
the  data  being  presented  in  the  form  of  charts. 


Although  it  is  implied  that  once  the  value  of  CL  is  obtained 

a 

either  from  lifting-line  or  lifting-surface  theory  the  sweep  corrections 
may  be  applied,  the  nature  of  the  sweep  correction  is  important.  It 
has  already  been  indicated  (reference  21)  that  the  full  cosine  effect 
is  not  realized  at  low  aspect  ratios;  hence  it  appears  that  the  use  of 
the  square  root  of  the  cosine  would  give  better  results.  The  following 
modification  to  the  lifting-line  theory  gives  results  that  correlate 
well  with  test  data: 


For  the  NACA  0009  airfoil  model  with  40°  sweep  (plain  flap)  the  above 
relationship  gives  =  0.0525.  The  method  of  DeYoung  yields  the 

same  value.  The  measured  value  (table  IV)  is  0.052.  A  comparison  of 
measured  values  with  those  obtained  by  means  of  the  above  equation  is 
given  in  figure  51(a).  The  lift-curve  slopes  for  the  various  test 
configurations  were  taken  from  the  data  of  references  5  and  22.  The 
use  of  the  simple  cosine  correction  as  used  in  table  IV  is  not  to  be 
recommended  for  small  aspect  ratios  since  it  overestimates  the  effect 
of  sweep. 

The  simple  sweep  theory  gives  the  following  relations  for  the  other 
control- surface  parameters: 


(U  ■  (U.0 


cos  A 


(0h4 '  (%L cos  A 

Na  "  Na,o'COs2a 


It  would  be  expected  that  these  corrections  would  also  overestimate 
the  effects  of  sweep  for  low  aspect  ratios.  The  results  in  table  IV 
were  obtained  by  applying  the  foregoing  corrections  to  parameter  values 
calculated  for  an  unswept  surface  by  lifting-line  or  lifting-surface 
theory.  The  method  of  reference  21  corrects  for  sweep  by  modifying  the 
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lifting-line  theory  to  account  for  the  sweep  of  the  hinge  line. 

Induced- camber  effects  are  also  considered,  although  this  is  a  lifting- 
surface  correction  which  is  included  in  any  results  obtained  by  means 
of  the  lifting-surface  method.  It  would  appear  that  the  method  of 
reference  21  would  give  better  agreement  of  estimated  and  test  values 
than  the  simple  corrections  used  in  this  report;  therefore,  it  is  to  be 
recommended  even- though  it,  too,  is  subject  to  the  limitations  of  both 
lifting-line  and  lifting-surface  theories. 

Although  the  flap  lift  effectiveness  parameter  Cl5  may  be  obtained 
if  CL  and  otg  are  known,  it  may  be  estimated  by  the  method  of  refer¬ 
ence  8.  This  method  applies  to  controls  starting  at  the  tip  and  will 
not  strictly  apply  to  controls  beginning  at  the  root.  The  value  of  CLc 

obtained  by  the  method  of  reference  8  is  0.0191-  as  compared  with  measured 
values  of  0.0218  and  0.017  for  the  NACA  0009  and  circular-arc  airfoil 
models  with  plain  flaps.  The  data  of  reference  8  were  obtained  from 
wings  swept  by  rotating  the  wing  about  the  intersection  of  the  50-percent- 
chord  line  with  the  plane  of  symmetry.  A  graphical  comparison  of  this 
method  with  experimental  data  obtained  from  lifting-surface  theory  using 
the  cos2  correction  is  presented  in  figure  51(b). 

In  computing  finite- span  parameters  for  the  swept  NACA  0009  airfoil 
model  from  section  data,  it  was  assumed  that  the  NACA  0010. 3  airfoil 
model  normal  to  the  hinge  axis  would  have  characteristics  almost  identical 
with  those  of  the  0009  airfoil  model.  Thus  0009  section  data  were  cor¬ 
rected  for  the  increased  flap  chord,  decreased  overhang,  and  increased 
trailing-edge  angle  in  the  plane  normal  to  the  hinge  axis. 


CONCLUSIONS 

The  results  of  tests  of  tail  models  having  NACA  0009,  66-009,  0015, 
and  66 (215) -Oil  profiles  and  various  unswept  trailing-edge  flap  con¬ 
figurations  and  of  tail  models  having  NACA  0009  and  9-percent-thick 
circular-arc  profiles  with  10°  sweepback  at  the  quarter  chord  and 
trailing-edge  flap  configurations  swept  back  30.7°  at  the  hinge  line 
indicate  the  following  conclusions: 

1.  The  slope  of  the  lift  curve  Cp  is  little  affected  by  airfoil 

OO 

section  but  does  vary  with  thickness  as  indicated  by  theory.  Sweeping 
the  airfoil  back  reduces  the  lift-curve  slope y  but  the  decrease  due  to 
sweep  is  not  so  much  as  that  given  by  theory  for  low  aspect  ratios.  The 
amount  and  shape  of  the  balance  overhang  had  little  effect  on 

although  the  internal  balance  generally  resulted  in  the  highest  values 
of  whereas  the  elliptic  overhang  generally  gave  the  lowest  values. 

The  effect  of  increasing  the  trailing-edge  angle  is  to  decrease  CT  . 

a 
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2.  For  a  given  thickness  ratio,  it  is  indicated  that  airfoil 
profile  has  considerable  effect  on  the  flap  lift  effectiveness  Og.  In 

general,  the  internal  balance  gave  the  largest  values  of  flap  lift 
effectiveness,  with  the  plain  nose  yielding  the  next  largest  values. 

The  elliptic  and  sharp-nosed  overhangs  generally  gave  values  of  ag 

slightly  less  than  those  for  the  plain  nose.  Increasing  the  trailing- 
edge  angle  on  the  NACA  66-009  and  66(215)-Ol4  profiles  reduced  for 

all  balance  configurations. 


3.  For  a  given  thickness  ratio  the  hinge-moment  coefficient 


a 


is  not  greatly  affected  by  airfoil  section  when  compared  with  changes 
in  trailing-edge  angle.  In  all  cases  where  the  trailing-edge  angle  was 
increased,  the  absolute  value  of  C>,  was  reduced  considerably,  thus 

indicating  that  trailing-edge  angle  has  a  much  greater  effect  than 
airfoil  profile.  The  effect  of  sweep  (obtained  by  shearing  the  airfoil 
back)  on  the  NACA  0009  airfoil  was  to  increase  the  absolute  values 
of  C^,  although  theory  predicts  a  reduction  in  C^.  The  elliptic 

and  sharp-nosed  overhangs  produced  an  unbalance  on  the  6-series  profiles 
with  true-contour  flaps,  although  both  of  these  overhangs  gave  positive 
increments  of  on  the  NACA  0009  and  0015  airfoil  models.  The 

internal  balance  was,  in  general,  the  most  effective  on  the  6-series 
profiles . 


4.  Insofar  as  the  hinge-moment  coefficient 


is  concerned,  the 


magnitude  of  the  trailing-edge  angle  would  appear  to  have  more  effect 
than  airfoil  section,  as  the  values  for  the  6-series  profiles  compare 
favorably  with  those  of  the  NACA  0009  and  0015  profiles  when  the 
trailing-edge  angles  are  approximately  the  same.  The  elliptic  overhang 
was  most  effective  on  the  0009  and  0015  profiles,  whereas  the  internal 
balance  proved  most  effective  on  the  6-series  airfoils.  The  sharp-nosed 
overhang  seems  undesirable  because  of  its  smaller  effectiveness.  The 
swept  0009  profile  had  values  of  C^  more  negative  than  those  for  the 


unswept  model,  with  the  elliptic  overhang  again  being  more  effective 
than  the  internal  balance.  The  swept  circular-arc  airfoil  model  yielded 
values  of  Chg  considerably  less  negative  than  those  for  the  0009  model 


probably  because  of  the  large  trailing-edge  angle. 


5.  The  plain  tab  tested  on  the  unswept  models  yielded  about  the  same 
increment  of  C^  on  the  NACA  0009  and  0015  profiles  with  the  internal 

balance.  Although  the  lagging  tab  reduced  the  flap  lift  effectiveness, 
it  reduced  Cjjg  to  about  50  percent  of  the  unbalanced  value  for  the 

plain  flap  on  the  NACA  0009  model.  On  the  6-series  airfoils,  the  tab 
was  not  so  effective  on  the  straight-sided  flaps  as  on  the  true-contour 
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flaps.  On  the  MCA  66(215)-Ol4  airfoil  model  with  a  plain  true-contour 
flap,  the  tab  reduced  Cj^  to  about  75  percent  of  the  unbalanced  value. 

On  the  swept  profiles  the  tab  was  less  effective  on  the  circular-arc 
section  than  on  the  swept  MCA  0009  profile,  as  well  as  on  some  of  the 
unswept  profiles.  For  the  same  value  of  the  ratio  of  tab  to  flap  deflec¬ 
tion,  the  tab  was  more  effective  on  the  swept  MCA  0009  model  than  on  the 
unswept  model,  although  this  result  was  probably  due  to  sealing  of  the 
tab  and  to  the  fact  that  the  tab  chord  was  0.214  of  the  flap  chord  in 
the  plane  normal  to  the  hinge  axis. 

6.  The  results  of  comparing  lifting-line-  and  lifting-surface- 
theory  results  indicate  that  the  lifting-surface  method  generally  gives 
better  agreement  with  test  data;  however,  both  methods  will  sometimes 
give  errors  that  are  not  generally  tolerable  for  use  in  design  of  a 
closely  balanced  surface.  ’’ 
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Figure  1*-  Models  mounted  in  tunnel 
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Figure  2.-  Plan-form  dimensions  of  unswept  models.  Aspect  ratio  A, 
3.36;  taper  ratio  X,  0.4J  area  S/2,  12.69  square  feetj  area 

rearward  of  hinge  line,  3. 60  square  feet;  root-mean-square  chord 
of  flap  cf*  0.71  foot.  i'  ; 
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Figure  3.-  Plan-form  dimensions  of  swept  models.  NACA  0009  and  circular- 
arc  profiles ;  aspect  ratio  A,  3 .30;  taper  ratio  X,  0.4>  area  S/2, 
10.27  square  feetj  area  rearward  of  hinge  line,  2.91  square  feetj 
root-mean-square  chord  of  flap  cf,  O.667  foot. 
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Ettiptic  overhang 


Sharp- nosed  overhang 


Internal  balance 


Figure  i*,-  Balance  configurations  tested  on  unswept  models.  All  nose 
gaps  0.005>c  except  as  noted;  all  chords  measured  parallel  to  free 
stream. 
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(a)  &t/6f  =  0. 


Figure  6.-  NACA  0009 
aspect  ratio 


semispan  tail  surface.  •  Taper  ratio  X5 
A,  3.36;  0.30c  plain  flap;  0.005c  gap. 
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(b)  bi/df  =  -0.5. 

Figure  6.-  Concluded 
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Figure  7«“  NACA  0009  semispan  tail  surface.  Taper  ratio  X,  0.4;  aspect 
ratio  A,  3*36;  0.30c  flap  with  0.35cf  elliptic  overhang;  0.005c  gap; 

V6f>  °* 
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Figure  8.-  NACA  0009  semispan  tail  surface.  Taper  ratio  X,  0.4;  aspect 
ratio  A,  3.36;  0.30c  flap  with  0.35cf  sharp-nosed  overhang;  0.005>c  gap 
6t/6fJ  0. 
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(a.)  6^/  6^  —  0, 

Figure  9*“  NACA  0009  semispan  tail  surface*  Taper  ratio  0.4;  aspect 

ratio  A^  3*36;  0.30c  flap  with  0.35cf  internal  balance;  sealed  gap. 
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(b)  6^/6f  =  -0.5. 

Figure  9.~  Concluded 
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(a)  Horn  1. 

Figure  10.-  NACA  0009  semispan  tail  surface.  Taper  ratio  X,  0.4; 
aspect  ratio  .  A,  3.36;  0.30c  plain  flap;  0.005c  gap;  0. 
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(b)  Horn  2. 
Figure  10.-  Concluded 
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Figure  11.-  NACA  0015  semispan  tail  surface.  Taper  ratio  X,  0.4; 
aspect  ratio  A,  3.36;  0.30c  plain  flap;  0.005c  gap;  bjj&f,  0. 
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Figure  12.-  NACA  00l£  semispan  tail  surface.  Taper  ratio  A,  O.Uj 
aspect  ratio  A,  3.365  0.30c  flap  with  0.35cf  elliptic  overhang; 
0.009c  gap;  6^/6^,  0. 
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(a)  6^/6^  —  0. 

Figure  llu-  NACA  0015  semispan  tail  surface.  Taper  ratio  O.lj.; 

aspect  ratio  A,  3.36;  0.30c  flap  with  0.35cp  internal  balance; 
sealed  gap. 
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(b)  ~  ~o.5» 

Figure  ll;.-  Concluded 
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Figure  15.“  NACA  0015  semispan  tail  surface.  Taper  ratio  X3  0.4; 
aspect  ratio  A,  3*36;  0.30c  plain  flap;  0.005c  gap;  horn  1; 
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Figure  16.-  NACA  66-009  semispan  tail  surface.  Taper  ratio  A 
aspect  ratio  A,  3.365  0.30c  plain  flap;  0.005c  gap 5  d^/df. 
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Figure  17.-  NACA  66-009  semispan  tail  surface.  Taper  ratio  A*  0 . 14.5 
aspect  ratio  A,  3.36;  0,30c  flap  with  0.3E>cf  elliptic  overhang; 
0.003c  gap;  0. 
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Figure  18.-  NACA  66-009  semispan  tail  surface.  Taper  ratio  0.4j 

aspect  ratio  3*36;  0.30c  flap  with  0.35cf  sharp-nosed  overhang 

0.005c  gap;  6^/Sf,  0. 
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(a)  6^-/6£  -  0. 

Figure  19.-  NACA  66-009  semispan  tail  surface.  Taper  ratio  X,  O.lj.; 
aspect  ratio  A ,  3 . 36 5  0.30c  flap  with  0.35cf  internal  balance; 
sealed  gap. 
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(b)  6-t/^f  = 

Figure  19.-  Concluded. 
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(a)  Horn  1. 

Figure  20.-  NACA  66-009  semispan  tail  surface.  Taper  ratio  O.U; 

aspect  ratio  A,  3*36;  0.30c  plain  flap;  0.005c  gap;  6^/6p,  0. 
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(b)  Horn  2. 

Figure  20.-  Concluded 
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Figure  21.-  NACA  66-009  semispan  tail  surface.  Taper  ratio  X,  O.U; 
aspect  ratio  A,  3.36;  0.30c  straight-contour  plain  flap;  0.00£c  gap; 

^t/^f J 
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Figure  22.-  NACA  66-009  semi spar  tail  surface.  Taper  ratio  0.4; 

aspect  ratio  A,  3.36;  0.30c  straight-contour  flap  with  0.3£cf  elliptic 
overhang;  O.OO^c  gap;  6^/6p,  0. 
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Figure  23.-  NACA  66-009  semispan  tail  surface.  Taper  ratio  X,  O.Ui 

aspect  ratio  A,  3.36;  0.30c  straight-contour  flap  with  0.3£cf  sharp¬ 
nosed  overhang;  O.OO^c  gap;  6t/6f>  °* 
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(b)  6^6*  =  -0.5. 
Figure  24.-  Concluded 
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Figure  25.-  NACA  66-009  semispan  tail  surface.  Taper  ratio  X,  0.4; 
aspect  ratio  A,  3.36;  0.30c  straight-contour  plain  flap;  0.005c  gap; 
horn  1;  6^/6-f,  0. 
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Figure  26.-  NACA  66(2l5)-011|  semispan  tail  surface.  Taper  ratio 
O.U;  aspect  ratio  A,  3 . 36 ;  0.30c  flap;  O.OO^c  gap. 
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(b)  -  -0.5* 

Figure  26.-  Concluded 
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Figure  27.-  MCA  66(2l5)-Oll+  semispan  tail  surface.  Taper  ratio 

O.J4.3  aspect  ratio  A3  3«36>  0.30c  flap  with  0.33>cf  elliptic  overhang: 
0.003c  gap;  &t/6fj  0. 
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Figure  28.-  NACA  66(215 )-OlU  seinispan  tail  surface.  Taper  ratio 

O.Uj  aspect  ratio  A,  3«36;  0.30c  flap  with  0.35cf  sharp-nosed  overhang 
0.009c  gap;  6^/6^,  0. 
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(a)  6t/6f  =  0. 

Figure  29 NACA  66(2l5)—Ol4  semispan  tail  surface.  Taper  ratio  X> 
0.4j  aspect  ratio  A,  3.365  0.30c  flap  with  0.35cf  internal  balance 
sealed  gap. 
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(b)  -  -0.5. 

Figure  29.-  Concluded. 
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(a)  Horn  1. 

Figure  30.-  NACA  66(2l5)-01ij  semispan  tail  surface.  Taper  ratio  \} 
O.U;  aspect  ratio  A,  3. 365  0.30c  flap;  0.005>c  gap;  b-^/bf,  0. 
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Figure  31.-  NACA  66(21'5)-Ol4  semispan  tail  surface.  Taper  ratio  X, 

0.4}  aspect  ratio  A,  3*36}  0.30c  straight-contour  flap;  0.005c  gap} 


6t/6f>  °* 
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Figure  32.-  NACA  66(2l9)-011|  semispan  tail  surface.  Taper  ratio  X, 
O.b;  aspect  ratio  A,  3.365  0.30c  straight-contour  flap  with  0.35cf 
elliptic  overhang;  0.00£c  gap;  0. 
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Figure  33«~  NACA  66(215)-011;  semispan  tail  surface.  Taper  ratio 

0.1*;  aspect  ratio  A ,  3.365  0.30c  straight-contour  flap  with  0.35cf 

sharp-nosed  overhang;  O.OO^c  gap;  0. 
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(b)  6t/6£  =  -0.5. 

Figure  34.-  Concluded 
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79 


(a)  Horn  1. 

Figure  35>»~  MCA  66(2l5)-Ol4  semispan  tail  surface.  Taper  ratio 

0.4;  aspect  ratio  A,  3.36;  0.30c  straight-contour  flap;  O.OO^c  gap; 

6t/6f>  0. 
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(b)  Horn  2. 
Figure  35.- 


Concluded 


11 


MCA  TN  2495 


8.1 


(a)  Without  transition  wire;  and  against  o. 

Figure  36.-  MCA  0009  semispan  tail  surface.  Sweepback  angle  A,  1*0°; 
taper  ratio  0.1*;  aspect  ratio  A,  3.30;  0.30c  flap  with  radius 

nose;  0.00£c  gap;  6^/6-f,  0. 
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(b)  Without  transition  wire;  Cm  and  Cp  against  a 
Figure  36.-  Continued. 
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(c)  0.050-inch-diameter  transition  wire  at  3  percent  chord; 

Cp  against  a. 


Figure  36.-  Continued. 


and 
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(d)  O.O^O-inch-diameter  transition  -wire  at  3  percent  chordj  Cm  and 

Cj)  against  a. 


Figure  36*-  Concluded 
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(a)  and  against  a. 

Figure  37.-  NACA  000 9  semispan  tail  surface.  Sweepback  angle  A,  1*0°; 
taper  ratio  X,  0.1*$  aspect  ratio  A,  3*30$  0.35c1  flap  with  0.319cfl 
elliptic  overhang;  O.OO^c  gap;  d^/df,  0. 
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(b)  Cm  and  CD  against  a. 
Figure  37  •"  Concluded. 
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(a)  =  0;  and  Cp  against  a. 

Figure  38.-  NACA  0009  semispan  tail  surface.  Sweepback  angle  A,  40°; 
taper  ratio  O.Uj  aspect  ratio  A,  3*30;  0.35c1  flap  with  0.319cf 

sealed  internal  balance;  0.005c  gap. 
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(b)  6^/6^  =  0;  Cm  and  Cp  against  a 

Figure  38.-  Continued. 
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(d)  61 Jbf 


1.0;  Cm  and  Cp  against  a. 


Figure  38 Continued. 
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(e)  6^/Sf  -  0.9  ;  Chf  and  against  o. 

Figure  38.-  Continued. 
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(f)  V6f  =  0*^5  Cm 
Figure  38.- 


Continued 
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(h)  6-t/6f  =  -0.5;  Cm  and  CD  against  a. 

Figure  38.-  Continued. 
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(i)  6t/®f  =  and  Cl  against 

Figure  38.-  Continued, 


a 
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(j)  S-t/Sf  =  -1.0;  Cm  and  Cq  against  o. 
Figure  38.-  Concluded. 
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(b)  au  =  0°. 

Figure  39.-  Effect  of  tab  deflection  on  control-surface  hinge  moment. 
NACA  0009  semispan  tail  surface;  sweepback  angle  A,  i|0°;  taper 
ratio  0.1;;  aspect  ratio  A,  3. 30;  0.39c'  flap  with  0.319cf' 

sealed  internal  balance. 
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(c)  au  =  4°. 

(d)  au  =  8°. 
Figure  39.- 


Concluded 
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(a)  and  Cl  against  o. 

Figure  1*0.-  NACA  0009  semispan  tail  surface.  Sweepback  angle  A,  1*0°; 
taper  ratio  X,  0.4;  aspect  ratio  A,  3*30;  0.39c1  flap  with  radius 
nose  and  horn;  0.005c  gap;  0. 
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(b)  Cm  and  Cj)  against  o 
Figure  hO Concluded. 
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Figure  IfL.-  Nine-percent-thick  biconvex-arc  semispan  tail  surface. 
Sweepback  angle  A}  l;0o;  taper  ratio  \ ,  O.J4;  aspect  ratio  A, 

3. 30j  0.35c*  flap  with  radius  nose;  0.005c  gap;  0. 
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(b)  Cm  and  against  a. 

Figure  1;1.“  Concluded. 
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Figure  1|2.-  Nine-percent-thick  biconvex-arc  semispan  tail  surface. 
Sweepback  angle  A}  40°;  taper  ratio  \}  O.U;  aspect  ratio  A^ 
3. 30;  0.35c*  flap  with  0.319cf*  elliptic  overhang;  0.005c  gap; 
St/^fi  0. 
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(b)  Cm  and  Cj)  against  a. 
Figure  U2.-  Concluded. 
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(a)  6-t/£>f  =  0;  Ch^  and  Cl  against  c. 

Figure  1+3.-  Nine-percent-thick  biconvex-arc  semispan  tail  surface. 
Sweepback  angle  A,  1+0°;  taper  ratio  0.1+5  aspect  ratio  A, 

3.3O ;  0.33c'  flap  with  0.319cf'  sealed  internal  balance;  0.005c  gap. 
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(b)  6t/6f  =  0;  Cm  and  Cj)  against  a 

Figure  1+3.-  Continued. 


MCA  TN  2495 


107 


(c)  6-t/6f  =  1.0 j  Chf  and  CL  against  a. 

Figure  43 •-  Continued. 
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and  Cj)  against  o. 


(d)  = 

Figure  43.  • 


Continued 
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(e)  st/^f  =  0»5>  and  ^  against  a. 

Figure  1*3.-  Continued. 
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and  Cj)  against  a. 


(f)  6t/6f  =  0.5;  Cm 

Figure  i+3.- 


Continued 
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(g)  -  -0.5j  Cj^  Cl  against  a. 

Figure  1+3  •-  Continued. 
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(h)  =  -0.5;  Cm  and  CD  against  a 

Figure  43 •“  Continued. 
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(i)  6^/ 6jr.  =  -1.0;  and  Cl  against  a. 

Figure  ij.3*-  Continued. 
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(j)  S-t/Sf  =  -1.0;  Cm  and  CD  against  a 
Figure  U3*-  Concluded. 
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(a)  au  =  -4°. 

(b)  cu  =  0°. 

Figure  44.-  Effect  of  tab  deflection  on  control-surface  hinge  moment. 

9-percent-thick  biconvex-arc  semispan  tail  surface;  sweepback  angle  A, 
40°;  taper  ratio  X,  0.4;  aspect  ratio  A,  3 . 30 ;  0.35c'  flap  with 
0.319cf'  sealed  internal  balance. 


116 


NACA  TU  2^95 


(c)  au  =  k°. 

(d)  au  =  8°. 


Figure  IiU.-  Concluded 
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(a)  Ch  and  against  a. 

Figure  45.-  Nine-percent-thick  biconvex-arc  semispan  tail  surface. 
Sweepback  angle  A,  1*0°;  taper  ratio  0.4;  aspect  ratio  A, 

3. 30;  0.35c*  flap  with  radius  nose  and  horn;  0.005c  gap;  6-t/^fi  0. 
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(b)  Cm  and  Cp  against  a 
Figure  h$»~  Concluded. 
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(b)  Ch  and  Ch  . 
na  n6 


Figure  47  •“  Concluded 


Pressure  coefficient  ,  P  Hinqe-moment  coefficient , 


Hinge-moment 

Pressure  coefficient,  P  coefficient, 


124 


MCA  TN  2495 


-4  -2  0  2  4  6  8  10  12  14 


Flap  deflection,  <ff,  deg 

(b)  9-percent-thick  biconvex-arc  model. 
Figure  49.-  Concluded. 


Elliptic  overhang 
Internal  balance 


Variation  of  ACp  with  flap  deflection  at  constant  angle  of 

attack. 
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Figure  £l.-  Comparison  of  measured  and  estimated  values  of  lift  parameters. 


NACA  0009 ,  method  of  reference  8 


NACA  TN  2495 


OJ 


O<0 

o  „> 

5  £ 

O  k- 


T5 

o>  o 
B  £ 

II 


0>  0" 
o  2 
o  o 
o  «. 

o 

o 

zo 


ob  < 


« 


NACA-Langley  -  10-25-51  -  1000 


Figure  5l*“  Concluded 


pared  with  those  obtained  from  section  data  by  appli-  pared  with  those  obtained  from  section  data  by  appli¬ 
cation  of  lifting- surface  and  lifting-line  theory.  cation  of  lifting -surface  and  lifting-line  theory. 


